I. INTRODUCTION
Telomeres are heterochromatin regions at the end of linear chromosomes and prevent them from being recognized as DSBs needing repair. They consist of tandem TTAGGG repeats and associated proteins. The proper function of telomeres is essential for chromosome stability and cell viability [1] . Somatic cells both in vivo and in vitro show a progressive decline in telomere length after every replicative cycle because of end replication problem [2] . Immortal cells, including cancer cells, avoid the progressive loss of telomeric DNA by the acquisition of enzyme telomerase, an RNA-dependent nucleoprotein enzyme [3] .Telomerase adds the repetitive sequences to the ends of chromosomes, thus compensating for the end replication problem and thus stabilises the lengths of telomeres, allowing cells to divide indefinitely [4] .Telomeres and telomerase can play a role in the formation of chromosome aberrations and especially in healing of chromosome or chromatid breaks produced by radiation-induced DNA damage. Some studies have shown an increased telomerase activity and a difference in average telomere length after X-ray irradiation [5, 6] .
Increasing interest has recently been focused on the biological effects of protons for their clinical applications. It is well known that the different types of radiation may produce DNA DSBs characterized by a different degree of "complexity" associated with different biological conseguences. The effect of radiation quality has been investigated for DNA damage endpoints, whereas other relevant aspects, such as telomere dysfunction and its role in chromosome aberrations, have not been studied so far, in particular for low-energy protons.
II. EXPERIMENTAL SET-UP
Human primary fibroblasts (HFFF2) and mouse embryonic fibroblasts (MEFs) were irradiated with 4 Gy of 28.5 keV/µm protons at the Radiobiology facility at the 7 MV Van de Graaff CN of the INFN-LNL. Irradiation facility, beam dosimetry and irradiation modalities have been described in detail elsewhere [7] . Experiments with X-rays were also carried out. Cells were fixed either 24 hours or 15 days after irradiation. To evaluate radiationinduced alterations of telomere length, Q-FISH staining was performed on interphase nuclei with fluorescent PNA telomeric probe and telomere size was analysed with TFL-TELO software kindly provided by Peter Lansdorp (British Columbia Cancer Center, Vancouver, Canada). The fluorescence intensity of telomeres was expressed in arbitrary units (a.u.f).
III. RESULTS AND DISCUSSION
We have used human primary fibroblasts and mouse embryo fibroblasts to study whether exposure to X-rays or to low-energy protons alter the telomere length as evaluated by using the Q-FISH. We have performed the analysis at two different harvesting times in order to ascertain a possible delayed telomere dysfunction. Fig. 1 shows the telomere length in MEFs cells after X-ray (1a) and proton irradiations (1b). In X-ray treatment, no differences were observed in the telomere length 24 hours and 15 days after irradiation compared with non-irradiated cells (Fig. 1a) . In contrast, a significantly increase of telomere length after proton irradiation was observed for both harvesting times (Fig. 1b) . 
.). a) After X-ray irradiation; b) after proton irradiation (*p<0,01).
Results from human fibroblasts (HFFF2) are illustrated in Fig. 2 . X-rays induced a delayed telomere lengthening 15 days after the treatment (Fig. 2a) whereas, as for the MEFs cells, protons were able to induce a significant increase in average telomere fluorescence for both harvesting times (Fig. 2b) .
Our results are in agreement with Ojima et al. [8] who showed no induction of telomere abnormality in normal human fibroblasts harvested 24 hours after X-ray irradiation. On the contrary, such abnormality was detected in X-ray-surviving cells 14 days after exposure, indicating that X-rays affect telomere stability many generations after irradiation.
In addition, it was shown that the telomerase activity upregulation and induction of chromosome alterations occurred at the same time in in vivo X-ray exposed mouse splenocytes [5] .
In the present study we confirm that X-rays are able to induce delayed telomere lengthening in human primary fibroblasts. This was not detected in mouse embryo fibroblasts. Furthermore, results obtained after proton exposure suggest that the different response could be related to the radiation quality and to the DNA damage "complexity". In conclusion, our hypothesis is that a more complex damage could be responsible for an earlier activation of processes related to chromosome healing and telomere lengthening. It is of interest to investigate whether this is a telomerase-dependent or telomeraseindependent mechanism. Such studies are in progress. 
